Preparation and application of porous polymer films via organic non-solvent vapor induced phase separation by 柯祺荣
 学校编码：10384                                分类号     密级 









Preparation and application of porous polymer films via 
organic non-solvent vapor induced phase separation 
柯褀荣 
 
指导教师姓名： 熊 晓 鹏  教 授 
专 业 名 称： 高分子化学与物理 
论文提交日期： 2 0 1 5  年  9  月 
论文答辩时间： 2 0 1 5  年 1 0  月 



























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             

























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             






















































 通过 VIPS法由嵌段共聚物胶束溶液制备高透气、超疏水的多孔膜 
 将 SBS 溶解于选择性溶剂 MEK中形成胶束溶液，并将溶液流延于基板上，在






















    模板法制备氧化亚铜/石墨烯多孔材料


















铜化合物负载于 PS/GO 膜上，通过热处理去除模板后，即得到多孔 Cu2O/rGO 材
料。并且，我们表征了 Cu2O/rGO 对葡萄糖的响应。当葡萄糖浓度为 60μM 到 
198μM 时，其葡萄糖浓度与响应电流呈 I(μA) = 2.232 + 37.84 C(mM)的线性
关系。在此范围内，该电极对葡萄糖的敏感度为 521.4μA mM-1 cm-2。
 


















 Porous materials are broadly applied in fields such as catalysis, energy, separation 
and absorption for decades. Especially, porous polymer materials have been used to 
improve our living quality and the industrial processes. Vapor-induced phase 
separation (VIPS) is extensivelly used to prepare porous film because of its easy 
control and low cost, in which water vapor is usually used as the non-solvent vapor. 
In this work, ethanol, methanol and water vapors were used as the atmosphere, in 
which polymer solutions were placed to evaporate volatile organic solvents to prepare 
films with different morphologies through the afore-mentioned VIPS process. Our 
results indicate that the diffusion of non-solvent in polymer solution, the miscibility 
between non-solvent and solvent, the polymer concentration and the volatility of 
solvent are together to influence the final morphology of the resultant film. Based on 
the above results, a triblock copolymer of poly(styrene-block-butadiene) was 
dissolved into a selective solvent of MEK to obtain a micelle solution, and then was 
exposed to EtOH vapor to prepare a porous film, which has specific surface properties. 
Furthermore, the porous film was used as a sacrificial template to prepare a 
three-dimensional graphene/TiO2 porous composite. A rGO/Cu2O composite was 
prepared using the sacrificial template method, and was applied to detect glucose. The 
specific contents of the work are as follows:
 Effect of miscibility between non-solvent and solvent on pore formation of 
polymer film via vapor-induced phase separation procedure 
 Triblock copolymer of poly(styrene-block-butadiene-block-styrene) was 
respectively dissolved in different solvents (MEK, TL, THF, CH and etc.), then was 
exposed to non-solvent vapor Such as EtOH, MeOH and water to evaporate solvent to 
prepare film. The solvent evaporation cooling will result in condensation of the 
non-solvent vapor, which would diffuse into polymer solution to result in phase 
separation. A porous film was thus obtained after the complete evaporation of solvent. 
When the non-solvent is immiscible with the solvent, a relatively ordered pores 














miscible with solvent, the situation will be quite complex. Polymer films with 
microsphere-overlapping morphology, pearl-necklace-like structure, and even pores 
on the surface layer of the film can be formed. The diffusion coefficients of the 
non-solvent and the solvent are calculated according to Sceheibel equation, and we 
use it to understand the formation of morphology, especially the surface morphology 
Of the prepared films.
 A superhydrophobic film with high water vapor transmission prepared from 
block copolymer micelle solution via VIPS method 
 Triblock copolymer of poly(styrene-block-butadiene-block-styrene) (SBS) was 
dissolved into its selective solvent (MEK) to form the micelle solution firstly, then 
cast onto the substrate and subsequent exposed under the EtOH vapor to prepare a 
porous SBS film, whole which is a typical VIPS process. The matrix of as-prepared 
SBS flim has been found to consist of interconnected sub-micrometer particles. The 
SEM images of this porous SBS film reveal a bicontinuous network of matrix 
material and channels was formed in this film, both of which are at the range of 
nanometers to micrometers. This special hierarchical microstructure of the matrix and 
channel is thought to contribute to the superhydrophobic and high adhesive properties 
of the film, also endure the film a unique property of gas permeability. A relative 
large scale fabrication and a preparation on non-planar substrates of such SBS films 
have been carried out, both of which can still remain all its porous structure and 
properties. Dip-coating was used to prapare the SBS film onto the supportless 
substrate, Nylon fabric, to prepare a Nylon-SBS porous film. According to the 
mercury intrusion porosimetry measurements, the number-average diameter of the 
pores and the porosity are 502nm and 71.7%, respectively. The applications of the 
film in fields such as water vapor transmission and the microfiltration separation have 
been characterized to indicate its potential. 
 A three-dimensional TiO2/graphene porous composite with nano-carbon 
deposition for supercapacitor
 Herein, we prepared a three-dimensional graphene/TiO2 porous composite using 
a sacrificial template strategy, which is avoiding the traditional hydrothermal and 














dispersed in a block copolymer micelle solution, and later expose this mixture to a 
non-solvent vapor atmosphere. After undergoing the VIPS method, the porous 
polymer template can be formed. Thus obtained intermediate product was calcined in 
nitrogen to fabricate the final three-dimensional porous graphene/TiO2 composite. 
The free-standing porous composite is supported by graphene sheets, on which TiO2 
is anchored. More interestingly, nano-carbon particles, which were resulted from the 
carbonization of the polymer template, can be witnessed via TEM images in which 
nano-carbon particles presenting a evenly deposit onto the graphene sheets and the 
TiO2 nanoparticles. We also investigate how the influence of the amount of TiO2 and 
polymer at the initial SBS/TiO2/GO film, to affect the electrochemical performance. 
We further resorting surface modification on this composite to improve its wettability 
with electrolyte aqueous solution. After the carbon/TiO2/reduced graphene oxide 
composited experienced a chemical modification, its specific capacitance was 
measured to reach 23.6 mF cm
-2
. Our results indicate that the enhanced 
electrochemical properties of this composite can be attributed to a synergistic effect of 
the 3-D porous network microstructure and its excellent hydrophilcity. Also its 
3-dimentional porous structure contribute to its stability and the cycle performance. 
 Preparation of a Cu2O/rGO porous composite for the detection of glucose
 W/O emulsion was prepared with using GO/water solution as the aqueous phase, 
while the PS/CH solution was oleic phase. During the preparation of this emulsion, by 
means of controlling the temperature in this system to transform the conformation of 
PS then result in phase separation to generate PS template. After the subsequent 
casting and the complete evaporation of solvent, a PS/GO film can be obtained. This 
composite film regards PS as the template, on which GO sheets is covered. Further 
carbonization was employed to remove PS template and the resultant graphene 
material has a porous structure. We further loaded Cu compound into this PS/GO film. 
and a Cu2O/rGO material, within which has a porous structure, can be obtained after 
the carbonization process. This Cu2O/rGO porous material shows a high response to 
glucose, which its response current has a linear relation with the glucose 
concentration in the range from 60 μM to 198μM. The fitting curve within these 














is about 521.4μA mM-1 cm-2. These results indicate that as-prepared Cu2O/rGO 
porous material can be used as a glucose sensors. 
Keywords: vapor-induced phase separation; formation mechanism; graphene; 
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